Abstract. In this paper, it puts forward and proving an engineering model for the noise forecasting of the BWB aircrafts in the taking-off and landing stage, which is based on the newest semi-empirical model of aerodynamic noise. Such a method could present accurate values of the noise prediction quickly, including taking-off and landing, and be able to estimate or analysis the radiated noise characteristics of the different noise sources. As an example, the detailed noise forecasting results of a new aircraft called "BWB-350" including taking-off and landing are given for introducing the differences between the blended wing body aircrafts and conventional aircrafts. The computational results show that the radiated noise characteristics of the BWB-350 are quite different from the conventional aircrafts. Engine noise always becomes the major noise source and the secondary noise source is body's noise in the BWB-350, whether it's taking-off or landing. And the noise level can be effectively reduced by using the structures called "BWB". Finally, the optimized plan is found through calculating radiated noise levels of various aerodynamic designing plans by using the Semi-empirical method.
Introduction.
In recent years, the air traffic's volumes and the aircraft movements are increasing rapidly [1] . And the contradiction of the low-noise demands is more and more prominent, the noise problem is also one of the frontier problems and technical difficulties in the field of aviation. The best method to control the noise pollution is controlled from the noise sources. Aircrafts' noise prediction is an important research topic in the design of aerodynamic noise. NASA launched the system for predicting the aircrafts noise called "ANOPP" (Aircraft Noise Prediction Program) in the 1980's firstly [2] . And subsequent researches improve and optimize the ANOPP aircraft noise prediction system [3] [4] [5] [6] [7] [8] . At present, the conventional aircraft noise is generally up to 90 dB. It can cause a lot of damage to the neighbors, but the BWB aircraft noise can be controlled below 60 dB, because the BWB airplane naturally provides a noise environment, which are lower than the conventional shape, such as jet noise won't be reflected from the wing surface of the regular plane [9] [10] . More and more researchers aboard focus on the BWB airplanes hoping to reduce the noise levels through the use of blended-wing-body means. From the early 1990's, the Boeing has started its research about blended-wing-body shape in the technical and commercial. Therefore a rapid, accurate noise prediction method which is suitable for the BWB aircraft is necessary to be put forward.
Models and methods.
Models. Research shows that the aircraft noise is mainly composed by fan noise, jet noise, wing noise and flap noise. Two assumptions have been made in the noise prediction method. Comparing with the distance of noise dissemination, the aircraft and all kinds of noise sources sizes are treated as infinitesimal, it is considered that all kinds of noise sources are point sources and locating at the midpoint of the aircraft. At the same time, noise attenuation should be considered during the noise propagation .That is the first assumption. The second assumption is that the aircraft noise is sum of fan noise, jet noise, wing noise, flap noise and the others. The noise prediction method based on semi-empirical formula could fulfill the engineering requirements. According to the aircraft characteristics, the semi-empirical formula in this paper has been modified by author. Table1 shows the major calculating models of the far-field noise sources.
Table1 The major calculating models of the far-field noise sources The major calculating models of the far-field noise sources Notes
Noise sources The calculation of Far-field sound Basic model According to the law of logarithmic in decibels, the total noise level could be described as the following formula. 
Proof
Because the BWB -350 aircraft is still in the phase of design and there is not enough testing data about the noise. Therefore the B-777, which is similar with BWB-350, is chosen for prove the noise prediction method. The airframe/engine plane parameters and the practical noise values are given by its company website. It was necessary to state that the existing noise literature of the semi-empirical formula is not applicable to the BWB-350.the parameters in the formula should be revised according to the mechanism of the noise generation. Although the wings, fusion segments and the fuselage section together generate the lift, wing areas contain only the wing section and the area of the fusion segments in calculating. The reason is that according to the mechanism of the wing noise, noise is mainly composed of the airfoil wake flow contribution. For the BWB-350, the boundary layers of the fuselage are injected by the engine. The engine jets happen to be the wake of the fuselage, the noise in this part belongs jet noise. The wake flow noise is no longer included in calculating. Table 2 shows the airframe/engine plane parameters, which are necessary during calculating. Fig1 is the comparison between the noise calculation result and official data of the B-777.
Fig1 shows the noise comparison between calculation result and official data of the B-777. Fig1 the comparison between calculation result and official data of the B-777 From the Fig1, the peak noise value both occurred at the polar Angle in 90 ° The Fig1 shows that the errors between the noise prediction and the official data are in good agreement, whether the B-777 airplane is in taking-off or landing. The error value is respectively 1.1EPNdB and 0.7 EPNdB in taking-off and landing, which is in engineering range, the aircraft noise prediction method based on semi-empirical formula could be used to make the engineering noise evaluation for the BWB-350.
Results and discussion
The research of the noise characteristics. The method used in this part is similar to the calculation method mentioned above. Table 3 illustrates the initial airframe/engine parameters of the BWB-350 aircraft and the noise prediction result is showed by Fig 2. The characteristics of the different noise sources in taking-off There were obvious differences in the radiated characteristics of different noise sources. For the fan noise the max-value occurs at the polar angle from 30° to 120°. For the jet noise, the max-value occurs at the polar angle in 150° .the peak noise value of the wing noise occurs at 90° and the flap noise is at 100°.
For the BWB-350 aircraft, representing the blended wing body aircrafts, the fan noise and jet noise become the major noise whether the aircraft is in taking-off or landing. Meanwhile the airframe noise also could not be ignored.
(a)Engine noise (b)Body noise Fig4: The characteristics of the different sources in landing Engineering application. During the design processes, except noise control, the performance of the airplane's structure and aerodynamic design must be guaranteed. There are five kinds of design plans which could meet the basic design demands. Therefore, the best design plan should be found and it will be determined by the other performance index, such as noise value. The method of the noise prediction research's significance lies that through calculating the aircraft noise of the different working states, the aircraft design process will be guided quickly and exactly. Table 5 shows the designing parameters of the five case and the numerical simulation results have been given in Fig 5. With the change of the aerodynamic designs, the noise level has larger changes, which ranges from the 65 EPNdB to 73EPNdB.the best design plan could be chosen by Fig 
Conclusions
The developed noise prediction method is been proposed and testified, which is suitable for blended wing body aircrafts in taking-off and landing. This method is based on the newest semi-empirical model of aerodynamic noise and the semi-empirical formula in this paper has been modified.
For the BWB aircrafts, the observation points on the ground are affected by the different noise sources and the influence depends on the relative position between the source and the point. Compared with the ordinary aircrafts, the airframe noise could be reduced effectively by the structure of blended wing body. The fan noise and jet noise become the major noise whether the aircraft is in taking-off or landing. Meanwhile, the airframe noise also could not be ignored.
The technique has great significance in predicting aircraft noise in the course of designing. The noise levels of the different noise sources and the aircrafts in taking-off or landing could be calculated quickly and relatively accurately.
The best noise design could be chosen quickly. Therefore, the method can save cost, keep satisfactory in quality, meet performance requirement, and shorten its designing cycle.
